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STUDlES ON THE STRUCTURE OF POLYSACCHARIDES (GLUCANS AND FRUCTANS)
PRODUCED BY CAR10GENIC STREPTOCOCCI AND ON AN ENZYME HYDROLYZING
THE INSOLUBLE GLuCAN.  I. STRUCTURAL STUDIES OF INSOLUBLE GLUCAN,
SOLUBLE GLuCAN, AND FRUCTANS.
Shigeyuki EBISU
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Studies were made on the physical and chemical properties of poly‐
saccharides synthesized by cell‐free extracts of s″ぜわωο
“
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“
女″贅ち
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sp.and their susceptibilities
to dextranasese  Judged by liberation of reducing sugars, the solub]e
polysaccharide II:s were highly susceptible, the soluble polysaccharide
I:s were moderately susceptible, and the insoluble polysaccharides,
especially those produced by s. ″ztt Strain OMZ 176 and OMZ 65, were
scarce]y susceptible.
The correlation between the chemical structure of various 91ucans
and the extent to which they were hydr01yzed by dextranasOs of various
origin was studied.  It was found that the limited extent of hydrolysis
of the insoluble glucans by dextranases is dependent on the amount of
α-1,3 91ucosidic linkages presente
丁he inso]uble glucan from S. 滋 tα
"3 0MZ 176 has been shown by
methylation, Smith degradation, controlled Smith degradation, and
enZytFlatiC examination to be a c-193 91ucan having short l,6-linked
branches.  Hydrolysis of the methylated'91ucan yielded 2,3,4,6-tetra‐
●44
(14。6%),2,4,6‐tri‐(50.5%),2,394‐tri (¨20.9%),and 2,4¨di-0‐methyl‐
D-91ucose (14。0 %), WhiCh indicated a highly branched structure with
an average repeating unlt of seven sugar resldues.  Perlodate oxldation
of the glucan followed by reduction and mild hydrolysis with acid
01lminated all of the c-1,6 1inked side chains to give glycerol and
aniwater∵insoluble1 9 degraded glucan, which gave on methylation and
hydrolysis 2,4,6‐tri‐0-methyl‐D-91 ucose, predominantly。
The glucan formed in the presence of dextranase, which is insoluble
but devold of the original adhesive characteristics, was shown to be
an essentially α-1,3 91ucan.
In the view of the physical properties of streptococcal glucans,
it can be deduced that the water‐insolubility iS attributable mainly
to the long, consecutive c-1,3 1inked backbone chain, whereas the α-1,6
linked side chainS having a certain length are related to the adhesion
of the insoluble glucan to the surface of teeth.  It is anticipated
that if an enzyme preparation is to have a therapeutic effect, it must
contain hydrolyses spesific for α-1,3 as wel]as for α-1,6 1inkages.
The structurerof fructans formed by S. ″ztαηs were also studied
by methylation and enzymatic examinationo  The cold―water―insolubl e
fructans from se ″
“
tα″3 strain BHT and Jc-l have inulin―type struct res
containing β‐2,1-D―fructofranosidic linkages, with average repeating
units of 8 and 27 sugar residues, respectively.
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STUDIES ON THE STRUCTURE OF POLYSACCHARIDES (GLuCANS AND FRUCTANS)
PRODUCED BY CAR10GENIC STREPTOCOCCI AND ON AN ENZYME HYDROLYZING
THE INSOLUBLE GLUCANe  II. ISOLAT10N9 PURIFICAT10N, AND PROPERTIES
OF THE ENZYME HYDROLYZING THE INSOLUBLE GLUCAN。
Shigeyuki EBISU
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An attempt was made to isolate bacteria capable of degrading the
dextranase‐resistant glucans by enrichment culture method, using OMz
176 glucan as the sole carbon source.  An organism was isolated that
produced colonies surrounded by a clear 20ne On opaque agar plates
containing OMZ 176 91ucan.  The organism was idetified as a strain of
FZαυOみαοtar`%″ and named the EK-14 bacterium。
When the EK-14 bacterium was grown in Trypticase soy broth, an
enzyme capable of hydrolyzing the OMZ 176 91ucan was produced in the
culture supernatant without α-1,3 91ucan as an inducer.
The enzyme was loncentrated by saturation with ammonium sulfate
and ultrafiltration, and purified by negative adsorption on a diethyl¨
aminoethyl Cellulose (DE 32)column and gradient elution chromatography
with a carboxymethyl cellulose (CM 32)columne  About a 160-fold in‐
clease in the specific activity Of purified enzyme (EK¨14 enzyme)was
achived with a yield of 38%.
The EK‐14 enzyme was a basic protein with an isoelectric point
of pH 8.5 and molecular weight of 65,000.  Its optimum pH was 6.3 and
●its optimal temperature was about 40 Co  The
ly affected by a change in the lonic strength
None Of the metal ions tested potentiated the
Hg2+, and Pb2+ were strOngly inhibitory.
44
enzyme activlty waS scarcel
between O。004 to O。254
enzyme ac ivity, and Ag+,
The EK‐14 enzyme split the α‐1,3 91ucan endolytically and was
inactive towards 91ucans containing α‐1,4, α-1,6, β‐1,39 β¨1,4, and/Or
β‐1,6 bonds as the main linkages。 . The enzyme released ll% of the total
glucose residues of the OMZ 176 glucan as reducing sugars and solubil‐
ized about half of the substrate glucane  The soluble products were
found to be nigerose, isomaltose, and nigerotriose` with some oligo―
saccharideso  The methylation studies on the insoluble product showed
that the EK¨14 enzyme attr,ked only α‐1,3 91ucosidic linkages in the
main chain of the OMZ 176 91ucan, but was」tnacti ve jat」theSe・1(o-1:3 igl uco―
sidic)linkages which directly adjoin branching points.
The づπυ
`trり
 effects of the EK¨14 nzyme on the adherence of
Strο′サοOοοσνε tttαηS tO tooth surfaCe_and「on plaque fOrmed by s. ″ztαπs
in the presence of sucrose were evaluated by scanning electron micro―
scopy.  In the presence of the EK‐14 enzyme, S. ″ztaηs was not able
to adhere to the teeth and produce insoluble polysaccharides.  The . __ 1:
plaque once formed by s. 
“
″tα
"s in the presence of sucrose was not
completely removed by either_EK-14 enzyme nor sングοα `α dextranase when
applied separately, but when applied together they affected complete
removal of the plaque.
●
●
0
4・J
…ξIF千薔U西百丁
~T:~RoliLL…
31…1‐Iξ3TIIT百
~1
「璽IIふ扁IIIIII:::II=1::1:1:~I…「~I…丁■~I~I…■‐I」こ_Ma…(1_974):__Dis二ociatibn_。|_ plaqul =
:j:II111:薔:1~11‐高凛
…
:1‐:裏厖」ふ
IIIIIIIII11
11五轟
=Iご
III轟:IIttII]
』…:F…di‐語I …sy111`:lIII`:ど: 覆
~~|
IIIIIIT:=:l留鸞彎菫董脅壼1・Ⅲ百1~T而Ⅲll~■¬
‐
97=2,3丁「…■
___1_____1_¨__-1‐…………:_____ 1__ _1______:_ _¨ : ……‐―■ _ ___
H端高 高 温 扁I品蕊
搬 薫 :gII11墓
=墓
:覆厖轟II=轟五
II:1111:1璽:Ⅲ lllI111111il=i:↓ぎ‐■itheFttξl葛ⅢI:…31…Ⅲ
…
|
●
コクヨ 20×20
●“1蔦面]雨=高
蘊面:面II面高薦蔦罵|_
|   |   lell1lai dextran 
“
1丁¬高II=…I蒻=ミ可FttITI百‐5TIIIL::~Arc「16
|■■1″振三二十■■■|■二十■■=■:■ ■■
,__…_:_………■____■_ …¨…1_……■_____:____1__……J __ _―■― ‐_:___¨_:_ __1___ 1__ _:  _  : ______ _:一――-1_  
卜
…‐-1・一
丁
~~「~百 二 …・
I~~1~…1…
…
I…可
~‐
,~I…
…
1…
…
「
~■ ~~I~~■ ~‐
:~:~I~~1隔:::llli]「11lIIII:::II:11:L轟鳳 ::I:Iふ::蔦I:1:
7~~l‐
~語
=III=::11‐
:11111=11‐:~ 11:::III::11‐lI:…:ルII」:I~:~:
in
?
?
??
，ー
?
?
?
??
?
?
0
●
●
コクヨ 20×20
15' 
“
urayaml,'。,中ad:,Hl,Hayalhi,IH。l Uchidl,T.:Ylkomizo'I.land
a lextranlselprelarltiol ol pllqul anl  l968):IThd effectS of
II二:_:「ユ :::バ軍 i::'‐-1111:l聖1空__1,1111_■__攣 1_t霊1__11:
|…
…「~~76:~■0113011………「~~I…
I¨
~~「~~1…‐
1~…
…
1~~丁¨                          . .    .~~可
~~・
I~…
…
:…
…
1~~I~~‐I~~~‐
1青可子111■■■■丁|■■‐1
[17'1__kttnip…‐k.__0._._ing_■りOwhei■1_11_…〔1_961)1_I畳″ __三f19Li三91_1_…J
| 1 古extranise bn品::L:…II百
~群
I苫ご
~青
`III
:FIIIξ
`~お
1~51:qu:…而
冨
Fl‐ξ:l~青
1じ
:…
‐
bttbll落百・:…正:よ~i‐
`:1五
百1じ百丁証童J|   :   i   :   :
‐…… 1………‐:~~~「……■……‐i………‐:‐………1‐‐……‐1‐「… 1‐‐……‐1………T………「‐~‐‐‐1‐‐・‐‐…:……‐:…‐‐~T……=‐
‐…‐
1――――――高IIIL血高纂ふI証11華::11め_lugdenhと加:…L_lJ「~~~1‐  lrr‐‐‐:…1‐~T‐……1~~~‐l‐ ~‐「‐:~‐~‐1………1~‐~I‐~~‐1………1‐~~11
|   |   `19`9):IEfFectiofidextranhselon taries in iatsihaibou卜inl ani   l
1,)__3191k,
|‐ 1  :  T  l‐l  i  :  |  |  |  |  |
T~~「I~~I…T……I…‐ … …T~I■… …T……1……」l  i  :   i  :  :          : : i  l  l  ll   l   l   :   :   |   l   i   :   :   :   |   :   |
i…‐‐―‐‐―‐――――‐――‐‐―■――――__■_……___=___¨‐・:・―.___■. _¨__‐1‐―‐__ _¨1..¨__・■・…………■______■_ ___‐■‐     :      i      :      l      i      :
卜
‐‐
一
―
T‐一 ― 丁
~~1~~T~~■ ~~¨
「
~~「 ~~T~~~‐
1~‐
~~1… …
■
… … ‐
T~…
…
T~~I…
… ‐
T…
…
Ⅲ
~~¬ ~~■ ‐~~T~… …
?
?
?
?
?
? The
?
i   tion
◆+3
~~~~「‐~~~: ‐¨ ~∵……
1‐
… ‐ 1… … 1…… 1  ~1・~……i   l¨…… i   r―  :
_三.__11_111墜奎_…ⅢⅢ筆ll″f.)1111lLl_19,1_…11.¨
.21)1__01111111_ュ:pl,_|:"h叩1_L.IIP_:y,こ1_11
131, 445‐491   1   1
V・ 」|・,Finl,sI Bl,
Ohild"ё百:
● humandental l
l   l
McCabet
bacterial i
●
istrai ns'ofloral
synthesizёd wlth
streptococCil Acta
●
コクヨ 20×20
●
●
●
1再票琴≡再要葬葬葬再再|EI1111111可III:IIIIIII_二._二._■_」_1_」._L__| :」
“
II轟11lII面墨 II亜11111:理III,IIIIII菫碑
IIIII111三IIⅢl:Ⅲll11三IⅢll,111,lI::ⅢlllIⅢlll壼「|……1~……lIV…IFSI…Fermёttt:…丁ёご|百01‐:~TO,こジ|~73,ご7121~l…・…:……1~~‐~:~~~:……:……11  :  :  |  |  |  :  :  |  1  : |   :   :   |   :   :      |
α‐1,3 91ucanase from inOnlinduced cuntuies bf 4SPο9´ヴ4ZZSi η
`α
レZαηS・
|:11,111__1:::生i111112,89,411541。|
●
●
コクヨ 20×20
●
●
卸
●
「~1‐~可
|こIIE:~ofiI…ザ aitigLn_degrldiig
1 1__三wザ1性:"■型lratiOnS byldOdecyl S1lfate―p61yacry,amide oel
●
コクヨ 20×20
●
●
●
E。
●
KelStrup,
|・
・|:|・liσ,hi,「IBIopγSIIAct,  : | | | | | |
?
?
●
コクヨ 20×90
0・
よム
●
| | | | : | : | : | | : :
●
「~三~・I¨
0
コクヨ 20×20
■・
53
…1_三二三__
_i______l__… 1__1___:_
_■ _… ■ __1__二 … … ■ ___■ _._1___二 _二 __
IIIII:::III:IIIIII
IIIIIIIIIIIII
_■  _: …… 1  _■………1   ,_  J_… 1 ……■  …t………1___
??
?
?
??
?
?
?
?
．
．
．
．
?
●
コクヨ 20×20
●●
●
?
?
??
?
?
?
?
?
?
?
?
?
?
，
?
?
?
，
?
??
，
，
?
?
?
:II:IIIIIIIIIIIIIIIII
コクヨ 20×20
III:IIII:II:IIIIIIII:II二:
誌●
|  :  :  |
|  :  :  |
i  :  :  |
| : | |
IIIIIIIEIIIIIII
IIII…1~1~I・1~1~1~II~
IIIII:IIIIII「IIII
?）???．?
コクヨ 20×20
0・
分 画
| 万記キ洸数画か1 療縮働か
DE 32 フラクション
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搭量 酵 索 発 性 葎 賞 比うむヤ上 回1癖 綺欺
(ml)   (増ユ1立1/ml)o“心判士) (mg/ml)(霧瑾ζm。  (%)  ( 羽彗 )|    … ヽT… … … ¬ 判
1 舟義 二靖     30,000   3 903∞0
500
¬09
156
50
110
1
4
3
47
49
162
●
Dク3 20×20
0・
?
?
●
テスト物質 膚x春勺 用対酵奏尭Ψ=(%)
Ba++
Ni++
Co++
Fe++
Fe+++
Ag+
‖bg‡
EDTA
ョウドアセトアミド
1。0
1.0
1。0
0.5
0.5
].0
1。0
1.0
1.0
1。0
??
??
??
??
??
?‐
??
‐?
?
??
??
1‐
‐「………|
|:  |「
=IIII: |
r―――――
「T―……|||   |
||  |
卜■
「
~=~■
::  |
来
:画ギホ1地|=91苅:芝111轟
¨
諄1碑:栞ユ,tレ円:に:不|で:
t卜
lι
lな |,1に|が|、 la21 M I瑾ギFlilil1 2_:|_,I  121 MI峙1凝塩:燎:街:た11111)午
■_f_1る_1_上 L資1■1盛蟹1_LII:ん:革 滋:憂薦正面≡蓋■]~~「~≡
IIIIII~IIttI蔦:…ごI IF…:~1~1:~:~:~~1=~T~~T~|
=III三二_…1■1__IIIIIIIIIIII:IIF
| | | | | | :
●
‐」ク3 20×20
I  I  :  :  :  |
1共急ギク゛,しカン 主 結 合 相
Jけ
71t織     (%)
?
? mutans OMZ 176
:l ・   OMZ 651.
“     OMZ 176
“     OMZ 65
ネツbヤ主多力乞
′′
可戎卜VL多絶 エ
″
デ眸スリンT-70
3:    T_2000
NRRL 1355クしヽカン
ネロ海 社 ゲbじ刀ン
ク
α(1‐3),c(1‐6)
α(1‐3),α(1‐6)
α(1‐6)
α(1-6)
α(1-6)
α (1¨ 6)
●(1■6),α(1‐3)
α (1-3)
α (1-3)
l  α(1-4),α(1‐6)
β (1_4)
.β
(1-3)
β(1-3),β(1-6)
β (1‐ 3)
β (1-6)
100
93
0
・ 0
0
0
4
90
88
0
0
0
0
0
0
L. mesenteroldes
,:
`:
P. brasili ensis
生。 niger
可 発 注 テ゛ ンフ・ン
セ 》レロース
パキマン
ラミナラシ
カードラン
ルテオース
:● |  :  |  :  :  :  :  :  |  :  |  |  |  :  |  |  :  |  :  |  |に_________一………――………一―一一―一一耳身こI葛
~「
ξ
~F・
IttII可場魔::豪:1~あ1蕩5″|ルらX体ザヾ ヮ゛|ル|力 |ジlo lメく■IL
L11='I礎菫蔵
=1麺
11:童
=====:==|t6ol躙鋼より¨たI百~T‐薫1~E~アTIFl:II::IIIF::::更IIIIIII:|l‐~……~1‐… … … =_ 1_ …… ■  _ __…_=…__…__― ‐」一 ‐_:___……‐‐
“
ぼ
~I~^力
|~げ誓日‐ヤ百
~1苛…
耳■繹ヽ3~I,T,¨′
‐
響
…
「ラI●
~Fこ
11功辱II:反
‐
計
~な
り
:  _ i   :   ‐   _1      _|__   __1 ___1__  i   l   :   |   |   :   :   :   :
1~今闘|力も感
~II酵
:薫暮
‐
ヽ
~t'■
ぎヽ
~下
Иヽ IE‐■
~糖~■‐
`球
りに
:   ‐   1   1   :   :   :   :      ;      l         l      i
lt…
‐
年:~1~相対不鶴
…
71EIてⅢ
…
1‐■1,T:l〕::=:11111萱1‐ ‐III:1「
`【
1林ヽ 末 け不碁1性,ごr"~ンォ5~準
…
1色り■ 率
~π
:湘¬IIt~4〆イ
‐ヒ
|
F「:'釘I1111:ツ:年17rill警爾
―う¨:選ψ駐‐F~T‐|●F・‐|~|::   :_ 1___ :___…1_ t_ _■…… ■_■__:_、_:_二1
1                 _________― ― ― ― ―
―
― ― ― ― ― ― ― ― ― ― ― 一 一 ― ― 一 ― 一 一 ― ― ― 一 ―一 一
―
― ―             一 ― ― ― ― ― ― ― ― 一 |
コクョ 20×2f)
0・
?
`.為
劫 s oMz 1761,、中`j卜|19,召睡_t′sllL:_211lk_1メ_1ン:Iなた __
二_二_1_Iガ1■ヵ:ィ1,1メ1_,■2ビ全猛:liふ11_1生_:雲■
・¨ ――‐―一‐―‐ ‐―――
―
―――――――――――‐一‐―――― ――――‐・―……―――――――――――――――――――――――――――――‐―――――――――――‐―_____――――――一一―――→
モ ル 百か キ         |0-メナル Dー‐クbし」―ス 窮 倉 様 式  不搭 trt労助ン 濃 ＼f晶詠 凛) :
Glcp~(1→   14。6
朝 )―Gl cp‐(1→ 50。5
→6)―Glcp―(1→>   20。9
?
2,3,4,6-テトラー
294,6-トリー
2,3,4-トリー
2,4-ラ―゛
18.0
37.6
26.9
17。5
●
朝 )―GlcP―(1→ 14.0
コク ヨ 20×20
●図 l s.″あれ,9興7'7,|′J卜が15_91不モリさト
ー
中生ヮnl lし‐
力7を02/19■1合|に'なん
:だ｀な1入
子 ホヽ 4・超上 で の 不 外 |lt,′゛し カ ン
分解菌|(Ek-4歯)つ焦1丼|と集帰日
口91ク1無:十
,
0・
「■・
1■
「 市
●
〓」
??‥「＝??‐?「???‥?
●
●
●
`
（〓
〕
??
【?
?
?
（
（
、
??
?
?
?
?
?
?
?
?
?
?
?
?
?
・一
r・
‐…・
|
|=1
……■…… |
…~1「~~~~|
●●●●¨ 1●● ●―  J
___=__¨__|…1~」
コクヨ 20×2()
■図 午
__ア|ミ_ド ケ゛■篭k:泉:鍋II11,IジI I
●
t
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
（?
??
?
?
?
??
?
ウシユ
'キ
アルプミン
EK‐14碑素 ・
'P告
アルフミン
キモトリフ゜ジ′‐ル ハ
チトクロ‐ムじ
0.4      0。6
霧 級 え
IttIII雨illt・lIIIDI,1菫亘IIこI直テ11,I轟:甍III:
:  !  1  : 、 |  ´:  |.i  : 「………I…I‐
「
1~T~~「I~T~~「=■
~~■……‐
T¨
……
J__J_」__ス1勲111_■11_1爵正醐IEIttIIIttIIIII~丁
百
~~「~=ぶ
r・菖丁I~丁~I…1~T「~1…:……|~~1~…T~~T~~~:…丁~「可
可
T:雨:E「
~1~丁1~I I II II II:II
■■_1__1_1_」… _1_…1._IIIIIIIIIIIIIIIIEIIIIII――‐:―¨―・「~~~‐1~~‐~~‐1~~~‐・■~~~~~「―‐―■…・~■~・ ~~i~~¨~■~~・¨‐1¨ ~~~1‐―…‐:~~¨… r~―¨ r―・‐1-―¨ ~i・¨ ‐~■~ ~~‐=… ・‐¨
=士
童
=主
主十二I五ititi■
|~I~1■
■
~II~1~「…
1~1~可
~「
¬
~¬
¬
~I~1~II~司
目_―_■」」J」」J■■■|■十:|1刊
「
‐
:~● II… II:‐ I… :~■ 1~I‐
‐ ‐
l… I
I::=量lli:111三二:主上士世圭劃
1.00.80.2
●
4
撃
彙
撃
瞥
な
黒
(a)
?
?
?
?
?
?
?
??
??
??
?????」???‐‐‐????
??
?
?
?
?
?
?
4
d)
8   12   16   20  24
イオン強た (“Юつ 1lJ‐ ―  ―¨ ‐・‐・――¬
:‐
‐‐~~「~‐~~‐
|
|     :     |
|_…
■ _.._|
‐■ ~~・‐■~~~|
:    :    1
驚
80
鵬  60
な
玄 40
黒  20
70             10
1  1  i
lP旦1(ω;_1__
午|が
● :L生1整崖
|
未 it
●
1_:髭_:雲
狙|た||こ
コクヨ 20×20
●●
図■ |IⅢ ⅢM11'1411111高11高11ベ
'J:'Iす
11141“1議:|:書::h
●勲税島 セ゛|.滋参ク8。Mz 176林ド漁面 |・彰‐成
二||二|シ::デ:||'1111::す||IE薦|1画な汽各t
‐ ‐ ‐
i  
‐ :   1       1           1   1       1   :          l
3だ:″‐ |デヤ不 トラク ーゼ 9イ午‐吊|
EK■1年酵 ホ|を作nttt tO
こK■lキ1疇煮:も、どザ″づθttαアキスト't't作nt tに■9 1  ‐
1″|■,テli^トラ:IT■t作躁 ■ヽ卜19
?
?
?
?
?
???
?
?
?
?
??
．?
?
?
?、
?????
‐
?
?
?
‐
??
．
?
??
，
?
―
?
?
??
?
?
?
?
??
?
(も すヽ1:れt直拝亀キx3,000)
